The technique and results of computer simulation of the stress-strain state of plug joints of reinforced concrete columns with overlap plates under the effect of out-of-square eccentric compression are described. An analysis of the results obtained is provided to optimize the experimental research plan and to develop a technique for calculating the strength of the joints used in the UICSS bearing system. Аннотация: В статье описывается методика и результаты выполненного компьютерного моделирования напряженно-деформированного состояния штепсельных стыков железобетонных колонн с плитами пере-крытия при действии косового внецентренного сжатия. Приводится анализ полученных результатов, необ-ходимый для оптимизации плана экспериментальных исследований и разработки методики расчета прочно-сти изучаемых стыков, применяемых в несущей системе «УИКСС».
INTRODUCTION
The construction of buildings using prefabricated reinforced concrete frame systems is widely used in the territory of the Russian Federation, since it minimizes the labor and financial costs of their erection, and also shortens construction time. The development of technologies promotes the use of new variants of constructive framing solutions, one of which is the precast reinforced concrete bearing system with beamless floor "UIKSS" ("Universal Industrial Frame Construction System") ( Figure 1 ) [1] . A feature of such a frame is the use of plug-in joints for connecting floor slabs to columns. The proposed joint ( Figure 2 ) is a structure in which the lower column (1) has the outlets (2) , in the plate (5) are located the holes (6) for placing these rods, and the upper column (3) is equipped with boreholes (4 ), which, when mounted through special holes (7) , are injected with a grouting compound. Prior to installation, steel or synthetic (polymeric) centering gaskets (8) are installed on the bottom column and plate. The "UIKSS" system is applicable for the design and construction of low-rise private, residential multi-apartment and public buildings, school and preschool institutions, as well as for the reconstruction of buildings and structures [2,3, etc.] . The introduction of the proposed frame system is hampered by the absence in the scientific and technical literature on methods for calculating the strength and deformation of the plug joints located in the zone of action of longitudinal and transverse forces and bending moments, therefore for the development of such techniques it is necessary to conduct stress-strain analysis (SSA) of the joints. The study of SSA data of joints includes theoretical, numerical and experimental studies.
FORMULATION OF RESEARCH PROBLEMS
The analysis of available scientific, technical and normative literature allowed the authors to divide the joints studied into three types depending on their location in the overlap and on the resulting combinations of forces:
x medium, located in the middle part of the overlap, where the compressive forces with random eccentricity mainly act; x extreme, connecting the overlapping plates with columns of the extreme row and perceiving longitudinal and transverse forces and bending moments; x angular, perceiving longitudinal forces, as well as transverse forces, bending and twisting moments in two directions. In [4,5, etc. ] the results of the study of medium and extreme joints are published. This article is devoted to the study of the SSA of corner joints with oblique eccentric compression with the use of computer modeling. The most relevant studies in this area are the work of T.S. Evdokimova, dedicated to the SSA of skew-collapsible fiber-reinforced concrete elements and made under the supervision of the Doctor of Technical Sciences, Professor V.I. Morozov [6, 7] . The difference between the author's studies is the study of the SSA of the contact zone of reinforced concrete joint elements under the action of oblique eccentric compression.
Numerical studies were carried out in the PC LIRA-SAPR 2013 R3 implementing the finite element method (FEM) and possessing the necessary functionality for solving the set tasks, including: x obtaining data on destruction schemes, distribution of stresses in concrete and strength of the joint, as well as its individual elements; x determination of geometric characteristics of the calculated zones of concrete structures and stresses arising in the reinforcement; x identify the features of the SSA elements of the joint, taking into account the effect of a combination of loads on the column and slab; x optimization of the program for conducting physical experiments and reducing the costs of their implementation.
METHODOLOGY OF RESEARCH
Numerical studies were carried out taking into account the physical nonlinearity of materials. In the modelling, we used volume isoparametric finite elements (FE) of type 236 and 234 and universal spatial rod FE -type 410. The physical and mechanical characteristics of concrete were modeled according to the law of deformation of GA. Geniev [8] . The design resistance of the material to compression and stretching, as well as ultimate deformations, were taken according to the current norms [9] . The stiffness characteristics of reinforcing steel were described by two-line diagrams [9] . One of the important issues in the simulation of the SSA of reinforced concrete structures is the issue of the coupling of reinforcing bars to concrete [10 -12] , and in the study of the work of plug joints -the coupling of reinforcing elements with the injection of wells. Analysis of the literature showed that this problem can be solved using various computational models of FEM [13 ± 15] . In the numerical studies carried out, the adhesion of the reinforcement to the concrete and the injection solution is realized by simulating common nodes of elements, without assigning additional boundary conditions.
The simulation was carried out with a step-by-step increase in the load, allowing the structures to be brought to virtual destruction, which is necessary to evaluate the SSA of the joint elements at each loading stage. Criteria for failure were the attainment of limiting stress values along the main areas in the group of bulk FEs, the yield stress in reinforcing bars, and the transition of the system to a geometrically variable one.
To model and study SSA of the joint it was necessary to determine the possible values of eccentricities under the action of external loads. To solve this problem, static calculations of 2-, 3-, 4-, 5-, and 6-storey double-span building schemes loaded with vertical loads were performed earlier. The performed calculations showed that for angular joints the greatest values of the eccentricities of the longitudinal force arise in the coating level,
.
Eccentricities in joints of other floors are within
The obtained data allow carrying out numerical studies of SSA. Samples in the numerical studies carried out had the parameters shown in Figure 3 . A general view of the FEM of the joint is shown in Figure 4 . The maximum geometric dimensions of volumetric FE columns are taken as 25 × 25 × 20 mm. Wells were modeled by volumetric FE with six nodes converging at the central point and simulating the cylindrical shape (see Fig. 4, b) . In the framework of numerical studies of the SSA with out-of-square eccentric compression, calculations of the ES-II-5 and ES-II-5.1 series samples were performed. Variable parameters and research tasks are shown in Table 1 . The models of the ES-II-5 series were calculated under the action of constant values of the uniformly distributed vertical load on the overlap (q = 4 kN/m 2 ) and horizontal loads applied to the slab in two directions (Qx = Qy = 40 kN). In this case, a step-by-step increase in the vertical load on the column with different values of eccentricity and bringing the model to destruction was performed ( Figure 5 ).
ANALYSIS OF THE RESULTS OF THE RESEARCH
The destruction pattern of ES-II-5 and ES-II-5.1 series samples should be characterized as the achievement of the endurance strength of the end sections of the columns in the contact zone. The analysis of the principal stresses and the failure scheme showed that their SSA corresponds to the theory of the strength resistance of anisotropic materials to compression [16] , while the triaxle compression zone is displaced along the x and y axes by equal distances with respect to the center of the section, and the slope angles of the wedge α correspond to the theoretical ones [16] .
The results of modeling of the ES-II-5 series made it possible to reveal a feature that the geometric characteristics of the calculated zones of the end sections of the upper and lower columns (the wedge height hk and the width of the Lloc load transfer zone) are different. The values of these parameters in the upper column coincide with those obtained in the simulation of eccentric compression with eccentricity of one direction, and in the lower column have large values (Figure 6 ). The calculated concrete areas of the end sections of the columns have different geometric dimensions, because a vertical evenly distributed load applied to the overlap plate causes the element to bend, thereby further "squeezing" the upper end of the lower column, causing an increase in the triaxle compression zone. This conclusion is confirmed by the isofields of the principal stresses obtained by calculation of the ES-II-5.1 series models, according to which the geometric sizes of the calculated zones of the upper and lower columns have low divergences of absolute values (Figure 7) . Analysis of stresses in the reinforcing bars of the ES-II-5 and ES-II-5.1 series models showed that in the corner rod of the longitudinal reinforcement of the columns closest to the load application area, stresses at breakdown reach a yield point. The values of compressive stresses in the remaining rods are lower, and at eccentricities of 0.25 and 0.375 in the opposite angular rods tension was observed. It is determined that the steel strips yokes crossing the area of concrete shear experience tensile forces and should be taken into account in the calculation expressions. Tensile forces are also fixed in the grids of the indirect columns crossing the plane of detachment of concrete [16] . Thus, the obtained data on SSA of the joint allow us to develop the necessary methodology for calculating the strength with oblique eccentric compression.
CONCLUSIONS
The computer simulation of the SSA of the plug joints of the slabs with columns of the precast reinforced-concrete frame system "UIKSS" under the action of out-of-square eccentric compression made it possible to formulate the following conclusions. 1. The destruction schemes and the tensioning isofield confirm the possibility of applying the theories of the force resistance of anisotropic materials to compression for the development of a technique for calculating the strength of the joint with out-of-square eccentric compression based on the evaluation of the strength of the end sections of the columns. 2. The characteristics of the calculated zones of concrete (Lloc, hp, α) and stresses arising in the reinforcement elements necessary for the development of the strength calculation procedure are determined.3. It was found that with out-of-square eccentric compression taking into account vertical loads acting on the slab, the zone of triaxle compression of the end portion of the lower column increases due to bending of the plate, increasing the strength of the element.4. Taking into account the obtained results, it is possible to optimize the plan of experimental studies of joint SSA in the operational stage with out-of-square eccentric compression.
